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P | Q ≡ Q | Pe{R^.
P | (Q | R) ≡ (P | Q) | R6@VUh
(νx)P | Q ≡ (νx)(P | Q) (x 6∈ fn(Q))6@^.
(νx)P ≡ (νy)P [y/x] (y 6∈ fn(P ))6@VQj
(νx)(νy)P ≡ (νy)(νx)P6@Vn0
(νx)P ≡ P (x 6∈ fn(P )),zP
!P ≡ P | !P






x(y)P | x̄z −→ P [z/y]2@O
P −→ P ′ ⇒ P | Q −→ P ′ | Q6zP
P −→ P ′ ⇒ (νx)P −→ (νx)P ′,rh
P ≡ P ′, P −→ Q, Q ≡ Q′ ⇒ P ′ −→ Q′
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c ` c
Γ, c ` d ∆ ` c
Γ, ∆ ` d
` 1
Γ ` c
Γ, 1 ` c
Γ ` c1 ∆ ` c2
Γ, ∆ ` c1 ⊗ c2
Γ, c1, c2 ` c
Γ, c1 ⊗ c2 ` c
Γ ` c[t/x]
Γ ` ∃x c
Γ, c ` d
Γ, ∃x c ` d
x 6∈ fv(Γ, d)










p(~x) . . .
UVa>BQ=UVJMJI>jn S24$#^$7
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A ::= p(~x) | tell(c) | (A ‖ A) | A + A | ∃xA | ∀~x(c → A)
 g>=QRJMUOaUVScHMLOGY
D ::= ε | p(~x) = A | D,D`bacLPNOaiUV<
P ::= D.A
α
¯~± 0­  6± z 6∈ fv(A)
∃yA ≡ ∃zA[z/y]
    ­  ±  , 
A ‖ B ≡ A, B
  	   ­   ­ (X ; c; Γ) ≡ (X ′; c′; Γ′) −→ (Y ′; d′; ∆′) ≡ (Y ; d; ∆)
(X ; c; Γ) −→ (Y ; d; ∆)

 ­  
(X ; c; tell(d), Γ) −→ (X ; c ⊗ d; Γ)
 c `C d[~t/~y] ⊗ e
(X ; c; ∀~y(d → A), Γ) −→ (X ; e; A[~t/~y], Γ)
  ²   y 6∈ X ∪ fv(c, Γ)
(X ; c; ∃yA, Γ) −→ (X ∪ {y}; c; A, Γ)
  ±  ­ ² % ­ O  , (p(~y) = A) ∈ D
(X ; c; p(~y), Γ) −→ (X ; c; A, Γ)
	 ± O  ±   ­
(X ; c; A + B, Γ) −→ (X ; c; A, Γ)
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∀y(msg(x, y) → [P ])
[P | Q]
3




































(∅; 1; [P ]) −→∗ (X ; 1; Γ)

 
	 Q′ ≡ Q $ < 
 	( 
	!# S^	# !R ≡!R | R  
 (∅; 1; [Q′]) −→∗ (X ; 1; Γ) ^=< 
 	(	  < 
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(∅; 1; [P ]) −→∗ (X ; 1; Γ)
 
(∅; 1; [Q]) −→∗ (X ; 1; Γ)
^ < 



















∀y(msg(x, y) → A)
UVGnSc9]XYBX;G]^;JML]Q$=uSc9;>
ask
B;S9USgHbU  ­   acXJI>
HWY C0ac>jn¡oHS9;LOXSTSc9;>BQRLOaac>jY\m.LOG0nHIGN ; .¡>BnLG;LOSTNO>RS
(X ; 1; Γ)
 Sc9>
Y\ScLPac>~QRUVGG;LVST^.>?>R<mSe[;^B.Sc90US ,  ±  ­ ²& ­ O  , ¡oHIJMJ^0>~<HI<HWQ$=O>=n^][a>Rm;JMHMQ=USHILPGYB5UVG0nSc9]XY













SL 7l>Ra^;aiUVGn0¡o9;HWQi9HMYS9;>K<UVHMGn;HP;5>Ra>RGQR>^0>RSe¡ >=>RGufof UOGnYcLO<>JWUVG;NPXUVNP>=YJIH@=O>K&HIGnU; 
HxLPac>=LO>=a= Sc9;>
ask
LPm0>=aUVScHMLOG LVBfof n;Lh>jYUOJIJML¡YcLO<>¨P>Ra[¤m.L¡ >=a\«XJgQLPGYcX;<mScHMLOG LO
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x̄z  −→∗ (νy)x̄y  7TL¡ >=O>Raj¡>BnLG;LVSF¡UOGhSlScLQi9UVG;NP>Sc9;>?JMLONOHWQRYl^h[xUPn;nHMG;NUYc>=QRLOGnm0UVacSTScLSc9;>Y\>j_hX;>RGhSY
SL9;LOJWnU ^ < 8 SL#'UPY'¡UPYonLOG>FHMG2. @;{^0 «ScL?SU =O>HIGhSLUOQRQRLOX;GhS'9;HWn;n>RGUVaHWUV^;JM>=Yi TYcHMG;NY\LP<>
G>R¡QLPG;G;>=QScHMO>jYK¡ LPX;JWn¦UVJWY\Lx^.>U¨YcLOJMXSHILPGSLuQi9UOaUPQSc>=acH@6R>?S9;>a>=Y\ScaHMQScHMLOG¥LOm.>RaiUSLOa4B UxNOL]Ln
Q=UVGn;HMn;UVSc>l¡LOXJMn?S9;>RG^.>oS9;> $SL#?2	 #^$ LOm.>RaiUSLOaLO .M{=z;]@Pt402]UOYbXYc>=n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HM<m;JMHMQ=UScHMLOGxaX;JM>BJM>=UPn;YoSL ?	 #S#$# )#S$.«LOaTHMGY\SUOGQ>~¡ >
90UO>
A, msg(x, y) ` A ⊗ msg(x, y)UOGnSc9]XY

























P + Q ::= (νx)(νy) (x̄y | x(z).P | x(z).Q)













x̄z  3 msg(x, z)
x(y)P  3 rcv(x, y,  P  )
P | Q  3  P  ⊗  Q 
!P  3 !  P 




































































































































P −→∗ R −→ Q
&G;LOScHMG;N
S9US^][~HMGnXQScHMLOG9][]m0LOSc9;>jY\HWY¡>TUOJIa>=UPn[B9UP> 
P  `  R  UOGnS9USbX0Y\HMG;NKS9;>gQRXS aX;JM>l¡ >TLOG;JM[G>R>=nScLmacLP>TS9US
R −→ Q
HM<?mJIHM>=Y 
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S9;>x«LOJMJML¡oHIG;N <x¡ >xG>R>=nSL§m;aLO>Sc9UVS 
R  `  Q  =]G;L¡oHMG;N¥S9US
R ≡ R′, R′ −→ Q′
UVGn
Q′ ≡ Q
 7K;aLO< JM>R<<Ur M{¡ >NO>RS 
R  a`  R′  UOGnuSc9;>YUV<>~«LOa Q UOGn^][HMGnXQScHMLOG9][hm.LVS9;>=YcHWYo¡ >9UP> 
R′  `  Q′  0¡ >S9;>RG?deXY\STG;>=>=nScLUOm;m;JM[Se¡oHWQ>Sc9>BQXSaX;JM>FScLNO>RSoSc9;>K>R¢]m.>=QSc>jna>=YcX;JIS= 
 >¡oHMJIJ G;L¡ SUOQ$=]JM>Sc9><LOa>QLO<m;JM>¢¦QLP<m;JI>RSc>=G;>=YYKa>=YcX;JSiYRNOHM]HIGNxXYBUxm.>Rac«>=QSB<USiQi9
^.>Se¡>R>=GS9;>ScaiUVG0Y\HIScHMLOGac>=JMUVScHMLOGUVGnHISYoJMLONPHMQ=UVJQLPX;GhSc>RamUOa\Sj 
'  
*  10 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P  `  Q     S2  Q	#?1
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Γ, Γ′ ` loc(x) ⊗ ∆













Γ, loc(x) ⊗ ∆ ` Γ′
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P  `  Q  
















































P  =  P1  ⊗

























Γ ` loc(x) ∆ `

Q1 
Γ, ∆ ` ∃x(loc(x) ⊗

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LV&LONOHWQRYSLa>=UOYcLOGUV^.LOX;STm;aLONOaiUV<YHWYlm;aL]LV Y\>jUVaiQi9Z bGxLPX;aTQLPGhSc>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P  `  Q  HM<m;JMHI>jY P −→∗ Q hUOGn?Sc9;>gY\LPX;GnG;>jYcYSc9;>=LOa>R< r  @UV^.LOXSYU«>RSe[m;aLOm.>RacScHM>=Y 
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JMHIG>=YlLO ¡o9US HxHMJMJI>=agUVJMa>=UOn;[nHWnHIG . @{^0©GLVScHWQ>
S9US¡>?Q=UVGu>=G;aHMQi9xS9;>Y\[]GhSUV¢xLVS9;>UVNO>=GhSYTScLXY\>~Sc9>~m.L¡ >=agLO & UOGnxS9hX0YgLP^SUOHIG£Y\LP<>
C0G;>Rao>j_PXHIUVJM>RG0Q>=Y= 
©LOG;>Kn>CG;>jY<
〈P 〉 = {Q | Q
HMYTU?QRLVUVNP>RGhSY=  Sj  
P  ` Q}
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Γ ` A ∆ ` B
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